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Introduction
The United States imports more than 60 percent of its petroleum supply. In 2006, crude oil plus petroleum product imports cost the United States roughly $220 billion. Many argue that burning ethanol in U.S. automobiles is a cost-effective way of lowering U.S. dependence on petroleum imports. As discussed below, the Energy Security and Independence Act of 2007 (EISA) seeks to do just that-promote the use of biomass to displace imported petroleum in meeting the U.S. demand for liquid transportation fuels. By 2022, EISA would require the use of 36 billion gallons of biofuel in the United States, up from the current level of roughly 10.5 billion gallons. To meet this requirement, the United States is expected to produce increasing amounts of corn ethanol, biodiesel, cellulosic ethanol, and other advanced biofuels.
In addition, burning gasoline or diesel in an engine produces a variety of pollutants including carbon dioxide, a greenhouse gas (GHG). Each gallon of gasoline burned releases over 20 pounds of carbon dioxide--in aggregate the transportation sector emits about 17 percent of the total U.S. emissions of GHGs. Cellulosic ethanol is a "renewable" fuel derived from biomass and its use is expected to lower GHG emissions relative to gasoline use by as much as 50 percent to 90 percent per gallon of gasoline displaced.
However, turning on our computers, drying our clothes, and cooling our houses require electricity as an energy source. Most of the electricity used in the United States is generated by using fuel (or other energy sources) produced within the country, so there is no energy security issue associated with electricity production and use. However, roughly half of the electricity used in day-to-day activities comes from coal found in states like Wyoming and West Virginia. That coal is mined, transported to electric utilities, pulverized to a dust, and burned to produce steam that turns electrical turbines. Americans burned about a billion tons of coal in 2006 releasing * Art Fraas is a visiting scholar at Resources for the Future (contact: fraas@rff.org). Rob Johansson is an economist at the Congressional Budget Office. The views and findings presented in this paper are those of the authors and should not be interpreted as those of Resources for the Future, the Congressional Budget Office, or their staff. about 2 billion metric tons (tonnes) of carbon dioxide, about a third of the total U.S. emissions of GHGs.
Many argue that an ambitious emissions reduction policy for the United States is necessary to limit risks posed by future climate change. Others argue that a climate policy is an effective way to assure investment in alternative energy facilities. Most agree that cost-effective climate policy for the United States would provide incentives to generate electricity from other lower-emitting sources, such as nuclear, wind, and biomass. Recent policy discussions have focused on a cap-and-trade approach to limit GHG emissions (although some parties are suggesting an energy tax or emissions fee). All of those approaches would likely increase the cost of electricity.
Biomass can be used to produce ethanol and it can be used to generate electricitydisplacing petroleum and coal respectively. With respect to energy security, petroleum is imported and coal is not. Therefore, the use of biomass to produce ethanol, a gasoline substitute, enhances energy security. In terms of climate policy, the use of biomass to replace coal in generating electricity can achieve an 80 percent reduction in GHG emissions relative to burning coal, or a reduction roughly 2.5 times greater than its use in producing cellulosic ethanol. 1 If the supply of biomass were unconstrained, then its use for biofuels and generating electricity would increase to accommodate the EISA mandate for cellulosic ethanol production without "crowding out" the use of biomass to generate electricity. However, biomass supply is likely to be constrained by several factors at the levels required under EISA, including land availability and the costs of transportation.
In summary, the factors contributing to a potential conflict between the EISA cellulosic ethanol mandate and the goal to reduce GHG emissions will likely exist through the 2020 timeframe. Those factors include:
• the EISA cellulosic ethanol mandate establishes fixed requirements for use of cellulosic ethanol in the transportation fuel supply; 1 The use of biomass to replace coal yields a substantially greater GHG emissions reduction because the delivered energy associated with burning a ton of biomass to replace coal is roughly 2.5 times greater than the energy content of the ethanol produced from a ton of biomass. See Appendix A for the calculation of GHG emission reductions associated with the use of biomass to replace coal in generating electricity and to produce cellulosic ethanol to displace gasoline in the fuel supply.
• there is a limited supply of biomass in the relevant timeframe (i.e., the available supply of biomass will not accommodate both the required production of cellulosic ethanol and the production of electricity from biomass at levels that would otherwise occur in the absence of the EISA mandate); and
• substantially larger GHG reductions could be achieved using the biomass to generate electricity instead of using it in the production of cellulosic ethanol as required by the EISA mandate. This paper identifies the circumstances when these factors are more likely to create a conflict and are, therefore, important considerations in coordinating energy and environmental policy.
Background
Increasing energy security and lowering GHG emissions (GHGs) remain prominent goals of U.S. energy and environmental policy. The Energy Independence and Security Act (EISA), for example, was adopted by Congress and signed by the President in December of 2007. The goals of EISA are to "…move the United States toward greater energy independence and security…" and "…to increase the production of clean renewable fuels…" There are two key regulatory provisions of EISA: Title I establishes new fuel economy requirements for the nation's cars and trucks and Title II establishes requirements for the use of biofuels as a replacement for gasoline and diesel fuel.
Corporate Average Fuel Economy (CAFE) Standards
In the case of Corporate Average Fuel Economy (CAFE), the goals of increasing energy security and reducing GHG emissions are virtually synonymous. 2 Better fuel economy means reduced consumption of gasoline and, in turn, this reduction in gasoline consumption yields a corresponding reduction in GHG emissions. 
Renewable Fuels
EISA was enacted with the goal of enhancing energy security by mandating specific levels of biofuels use, including cellulosic ethanol, over time. While the mandates are on use rather than production, the implicit intent of EISA was to encourage domestic ethanol production-not to require higher levels of ethanol imports. Title II of EISA establishes mandatory volumes for biofuels in the transportation fuel supply-including specific requirements for "cellulosic biofuel" and "advanced biofuel"-through 2022. At a minimum, cellulosic ethanol use must be 16 billion gallons by 2022, which would displace approximately 10.5 billion gallons of gasoline. 5 Cellulosic ethanol is eligible for consideration as both an "advanced biofuel" and as "cellulosic biofuel". 6 To meet those requirements for cellulosic ethanol production, a significant amount of biomass will be required.
EISA allows the Administrator of EPA to adjust the mandated levels for biofuels in one of several ways. First, in response to a petition from the Governor of a State, EISA allows the 4 In a recent joint notice of rulemaking to establish vehicle GHG emissions and CAFE standards, EPA and DOT announced plans to propose a coordinated program that, if made final, would achieve a fuel economy standard of roughly 35 miles per gallon by 2016. Notice of Upcoming Joint Rulemaking To Establish Vehicle GHG Emissions and CAFE Standards, Federal Register, 74 FR 24007 (May 22, 2009). 5 The energy content of a gallon of cellulosic ethanol is approximately two-thirds that of a gallon of gasoline, and so 1 gallon of cellulosic ethanol will displace about 0.667 gallons of gasoline. Energy Information Administration (EIA). 2007. Biofuels in the U.S. Transportation Sector (February). Table 12 . 6 This difference in treatment provides an incentive for the development of cellulosic ethanol technology that can achieve greater reductions in GHG emissions than first generation technology. For an advanced biofuel, the lifecycle GHG emissions associated with the production and use of cellulosic ethanol must achieve at least a 50 percent reduction relative to the baseline emissions from gasoline or diesel fuel. For "cellulosic biofuel", the lifecycle GHG emissions must achieve at least a 60 percent reduction relative to baseline emissions. In evaluating lifecycle GHG emissions, EPA must consider direct emissions and significant indirect emissions.
Administrator of EPA to adjust the use levels for cellulosic biofuel upon a finding that they result in "…severe economic or environmental harm to any State or region…" 7 In addition, Section 202(e) of EISA also allows the Administrator to adjust (before November of the prior calendar year) the volumes of cellulosic biofuel where there is a projected shortfall in the volume available. If the volume of cellulosic biofuel is adjusted under this provision, then, the Administrator is also required to make available for sale cellulosic biofuel credits. Finally, Section 202(e) also includes the requirement that the Administrator must adjust the volume requirements for any of the biofuel categories covered by EISA where the Administrator provides a waiver of 20 percent of the volume requirement for two consecutive years or of 50 percent for any single year. 8
Constraints on Biomass Production
Recent reports from the Department of Agriculture (USDA) and the Department of Energy (DOE) suggest that the production of biomass in the 2020 timeframe will be limited relative to the amount of biomass required by the EISA mandate for cellulosic ethanol. 9 (See represents roughly 80 percent of the available biomass from agricultural residues and energy crops -and, in the alternative, could otherwise be used as a boiler fuel for industrial purposes or for the generation of electricity. In 2020, for example, this additional biomass could be used to replace fossil fuels in generating nearly 400 billion kilowatt hours (kWh) of electricity (almost 8 percent of EIA's projected total electricity generation and 14 percent of the electricity generated by using fossil fuel). Other recent EIA analysis also suggests that the EISA mandate for production of cellulosic ethanol could significantly reduce the use of biomass to generate electricity in the 2020 timeframe. 10 Note that EIA supply curves for agricultural residues and energy crops are inelastic at prices above $100 per dry ton. The BRDB report does not provide estimates for farmgate prices above $60 per dry ton. As a practical matter, biomass available at delivered prices above these levels would not be competitive with other fuels and generation options. Therefore, the EISA mandate could result in a "crowding out" of biomass used to generate electricity.
This potential shift in biomass from the generation of electricity to the production of cellulosic ethanol would reduce the potential reduction in GHG emissions that could otherwise be achieved from this volume of biomass. Recent estimates suggest that the use of biomass to generate electricity in place of coal would yield two to three times the reduction that can be achieved by using cellulosic ethanol to displace gasoline. 
Energy Security Benefits
A discussion of the energy security benefits associated with a reduction in U.S. oil imports generally focuses on the following:
• a "monopsony" effect (i.e., the United States is such a large player in the world oil market that it can affect the world price of oil through deliberate changes in oil consumption);
• a reduction in the adverse effects on GDP of a potential supply disruption; and
• a reduction in U.S. government expenditures on other programs (particularly, military defense expenditures and the Strategic Petroleum Reserve) that are directed toward preventing or mitigating an oil supply disruption.
The "monopsony" effect is based on the argument that U.S. consumption and imports of oil and petroleum products constitutes such a large portion of the total world market that the United States could influence world oil prices through a coordinated U.S. policy to reduce its oil consumption. There are, of course, other important players in the world oil market. OPEC represents an important fraction of the world's oil production and can adjust the level of production to affect world oil price. In addition, there are other nation's that are also major consumers of oil-both developed countries (e.g., EU nations and Japan) and developing countries (e.g., China and India). These countries-the producer countries and the consuming nations-could adjust their energy policies in a way that may counteract any price effect associated with U.S. actions to reduce consumption. market, and the sensitivity of petroleum supply and demand to its world price among other participants in the international oil market. Most evidence appears to suggest that variation in U.S. demand for imported petroleum continues to exert some influence on world oil prices, although this influence appears to be limited…" 17 The 1973 oil embargo by the OPEC countries and the oil supply disruptions of the 1970's clearly demonstrated the vulnerability of the U.S. economy to a disruption in oil supply. The sharp increases in petroleum prices associated with a supply disruption impose costs because the resulting adjustment to the price increase disrupts economic activity (to a greater extent than the response that would occur with a more gradual price adjustment). Since the 1970's, the significant increase in oil prices and the emphasis on improving energy efficiency in the nation's manufacturing sector has reduced the vulnerability of U.S. manufacturing to oil supply disruptions. However, transportation remains a key sector of the U.S. economy vulnerable to a disruption in oil supply.
Two key elements in estimating the energy security benefits associated with a disruption in oil supply-(1) the probability that oil supplies could be disrupted (e.g., oil producing nations could reduce oil production or severe weather or social unrest could disrupt crude or refined oil production) and (2) the effect of such a disruption on U.S. economic activity. Both of these are likely to be related to the level of U.S. oil consumption (and imports). 18 DOT in its recent CAFE rulemaking concluded:
"…Thus changes in oil import levels probably continue to affect the expected cost to the U.S. economy from potential oil supply disruptions, although this component of oil import costs is likely to be significantly smaller than estimated by studies conducted in the wake of the oil supply disruptions during the 1970s…" 
Framework and Assumptions
This paper uses a benefit-cost framework as the initial starting point for evaluating the effect of several factors--expected energy security benefits, the social cost of carbon, world oil prices--on the net benefits of the EISA mandate for cellulosic ethanol use. To examine when a potential conflict may arise based on those factors to achieve both policy goals through mandated the opportunity cost of using biomass for electricity is calculated by adding the value of foregone GHG reductions by removing biomass from electricity generation to the value of the remaining, more costly biomass used for electricity generation.
This "net benefit" relationship is rearranged to develop two alternative measures of the "cost-effectiveness" of the EISA mandate in terms of the nation's energy security goals (the cost per gallon of gasoline displaced by EISA ethanol) and in terms of GHG reductions (the cost per tonne of GHG emissions reduced by EISA ethanol). This approach allows an assessment of the sensitivity of the cost-effectiveness of the EISA mandate to various factors with a particular focus on the world price of oil and the opportunity cost of foregoing reductions in GHG emissions from the electric utility sector. 24 The C-E equation for GHG reductions assumes that a separate regulatory arrangement is in place (i.e., cap-and-trade) for the electric utility sector. Thus, the cost of carbon in the utility sector is exogenous to the transportation sector. Ranges for the determining parameters are described below. 24 Example calculations are provided in Appendix C. 
World Price of Oil and Cost of Gasoline

Cost of Producing Cellulosic Ethanol
IEA reports a current cost of production for cellulosic ethanol of roughly $ 1.00/lge; but, IEA also reports that in 10 years the cost is projected to be roughly half of the current cost. 25 27 However, the production of cellulosic ethanol is a new, emerging technology and the more optimistic cost projections depend on continued R&D development of the cellulosic ethanol processes.
Co-products of Cellulosic Ethanol Production
The residual biomass from cellulosic ethanol production can be dried and used as a fuel for the production process. The residual biomass is assumed to be used as a fuel in the cellulosic ethanol production process and the resulting fuel savings are incorporated in the cost estimates for the production of cellulosic ethanol. No separate credit is assigned to the co-products. Therefore, the use of biomass to produce cellulosic ethanol to replace gasoline will yield a CO 2 reduction of 900 lbs of CO 2 per dry ton of biomass, or about 0.41 tonne CO 2 per dry ton. This estimate is sensitive to the fuel requirements for the production of cellulosic ethanol-including the requirements for cropping, harvesting, and so forth of biomass and the extent to which biomass co-products can be used to replace fossil fuel in the production process. A coal-fired powerplant emits 2.25 lbs of CO 2 per pound of coal (or 4500 lbs of CO 2 per ton of coal). 28 Because coal has a higher energy content than biomass, it requires roughly 1.4 tons of biomass to replace a ton of coal. Thus, replacing a ton of coal with biomass reduces CO 2 emissions by 2,700 lbs of CO 2 per dry ton of biomass (net of emissions for growing, harvesting, etc.), or about 1.23 tonne CO 2 per dry ton. For the purposes of the C-E calculations, the analysis assumes that use of biomass to generate electricity in place of coal will yield 2.75 times the reduction in CO 2 emissions as compared to the reduction associated with the use of a ton of biomass in producing cellulosic ethanol. 29 31 By removing capacity to generate electricity from biomass the opportunity cost is determined assuming that coal generation refills that gap. It is possible that some other generation technology would replace some of the foregone biomass generation, such as wind power, particularly when the social cost of carbon is high.
Reduction in GHG Emissions Using Biomass: Cellulosic Ethanol vs. Electricity Generation
Change in Electricity Generation with a Shift in
Increase in Cost of Electricity Production
This C-E calculation assumes that the EISA mandate results in a $0.005/kWh increase in the cost of electricity for both the replacement generation (300 kWh/year) and for the residual biomass generated electricity (100 kWh/year). 32
Results
Using the values and assumptions outlined above, the following estimates for the cost- For a world oil price of $70/bbl, the C-E of the EISA mandate in terms of the cost per gallon of gasoline is relatively high (compared to the energy security benefit of replacing gasoline) and increases with increases in the SCC. On the other hand, if there is no constraint on the production of biomass, or if the C-E calculation does not consider the opportunity cost of "crowding out" biomass use in the electric utility sector, the cost of the EISA mandate is roughly equal to the energy security benefit at a carbon price of $10/tonne of CO 2 and declines with higher carbon prices of $40/tonne to $70/tonne of CO 2 . 36 (See Figure 2 .)
The cost-effectiveness results for energy security are also sensitive to the world price of oil (and to assumptions about the future cost of production for cellulosic ethanol). In the case in which the production cost of cellulosic ethanol is competitive with the cost of gasoline, the EISA mandate imposes significant economic costs, even taking into consideration current estimates of the energy security benefits, at SCC prices in the range of $40/tonne to $70/tonne of GHG emissions.
37 (See Figure 3) . In cases in which the production costs of cellulosic ethanol are significantly below the cost of gasoline (e.g., illustrated by the case with a world oil price of $100/bbl), the EISA mandate yields substantial economic benefits. Second, these estimates also suggest the sensitivity of the C-E results to the cost of reducing GHG emissions. The C-E estimates over the range from $10/tonne to $70/tonne of GHG emissions vary widely relative to the estimated range for current estimates of energy security benefits, suggesting that energy security benefits are likely smaller than the increased production costs and opportunity costs except when oil prices are relatively high and social costs of GHG emissions are relatively low. 
ES-low ES-med ES-high
Note: "ES-low", "ES-med", and "ES-high" correspond to the low ($0.12 per gallon), medium ($0.30 per gallon), and high ($0.50 per gallon) ranges chosen by DOT to represent ranges of the value of energy security. 38
Cost-Effectiveness of Lowering CO 2 Emissions
The calculation of the cost-effectiveness per gallon of gasoline displaced by ethanol is sensitive to assumptions about world oil prices and the cost of producing cellulosic ethanol. (See 
Caveats
A key factor not reflected in the illustrations above is that the basic elements for burning biomass for energy are well known-wood has served as an energy source from the beginning of history. Biomass can be used to generate electricity at a cost that is roughly comparable to that for coal. There are no technological breakthroughs required to use biomass to raise steam to generate electricity. In addition, the infrastructure necessary to generate and deliver electricity is already in place. There is little additional retrofit required to co-fire pelletized biomass in existing coal-fired plants, and these plants are already connected to the grid. On the other hand, 39 See example calculations of the cost-effectiveness of reducing GHG emissions using ethanol in Appendix C (Table C. 3).
as discussed below, the conversion of biomass to liquid biofuels still requires a significant R & D program in order to be competitive with gasoline and with corn-and sugar-derived ethanol.
There are still hurdles to the use of biomass to generate electricity in dedicated power plants. The biomass required to fuel an electric power plant will require the development of significant energy plantation agriculture. For example, the scale for an energy plantation for cofiring biomass at a 1000 MW coal-fired power plant would be on the order of 20 to 40 square miles. This will require the development and implementation of new technologies for cropping and harvesting biomass and the transportation of the bulky biomass to the plant. 40 Over time it is also likely that biomass yields per acre will increase, which could mitigate to a certain degree constraints on biomass supply.
There are even more substantial hurdles to the conversion of cellulosic biomass to liquid biofuels on the scale required by the EISA mandate. Foremost of these-as noted above--is the are based on the assumption that switchgrass residues will be used in a cogeneration facility to 40 There have been problems at pilot scale plants with the reliability of the processing equipment which tend to jam when converting biomass to a usable fuel for the powerplant. This processing equipment is expensive and, if the jamming problem cannot be solved, plants will have to install spare capacity in order to maintain a continuous supply of fuel. EIA, Energy and Economic Impacts of Implementing Both a 25-Percent RPS and a 25-Percent RFS by 2025, September 2007, pp. 8-9. meet the energy requirements of the cellulosic ethanol plant and generate excess electricity for sale to the grid (displacing fossil-fuels). 41 Beyond the R & D requirements, the conversion of cellulosic biomass to ethanol requires a substantially more capital intensive process than those processes using corn and sugar as a feedstock. Current estimates are that a cellulosic ethanol plant will cost $300 million-four times the cost of a plant that produces corn-derived ethanol. The capital investment required for these plants-especially in the current investment climate-will serve as a significant barrier to meeting the EISA mandate.
There are other significant capital requirements, as well-requirements that cellulosic ethanol shares with corn-and sugar-derived ethanol. Because of the affinity of ethanol for water and the corrosive nature of ethanol/water mixtures for the current oil and gasoline pipeline infrastructure , the transportation of ethanol and ethanol blends is currently limited to truck, rail, and barge transportation. To handle the volume of ethanol required by the EISA mandate, a distribution infrastructure that is ethanol tolerant must be developed-one that may require a new pipeline system dedicated to ethanol.
In addition, the current fleet of U.S. vehicles is designed to be fueled with a gasoline/ethanol blend containing no more than 10 percent ethanol. Thus, ethanol use by the current fleet of cars and trucks cannot under current conditions exceed more than 10 percent of current gasoline consumption-roughly 14 BGY-creating the so-called "blend wall." 42 As a short term solution, EPA may be able to certify that the current fleet could tolerate ethanol blends containing 15 percent ethanol (or even 20 percent ethanol, as requested by Minnesota). 43 If the United States is to use the volumes required by the EISA mandate, the longer term solution-the development of a distribution infrastructure and a vehicle fleet that can run off a gasoline-ethanol blends of up to 85 percent ethanol, or E85-will require a substantial additional capital investment. 41 
Conclusion
This paper identifies some of the key factors that affect the cost-effectiveness of using biomass to produce liquid biofuels as required by the EISA cellulosic ethanol mandate. Current estimates/projections suggest that biomass has a comparative advantage in reducing greenhouse gases when used to generate electricity (in place of coal) instead of producing cellulosic ethanol to displace gasoline. On the other hand, use of biomass to produce cellulosic ethanol also enhances energy security in the United States, a goal of the EISA legislation.
As an initial matter, the opportunity cost of diverting biomass from the electric utility sector to the production of cellulosic ethanol substantially affects the cost-effectiveness evaluation of the program. If the supply of biomass available in the 2020 to 2025 period is sufficient to meet the EISA mandate without crowding out biomass use to generate electricity, then the EISA mandate would appear to be a cost-effective policy for the scenarios evaluated above. On the other hand, if the EISA mandate crowds out the use of biomass to generate electricity, then it may significantly increase GHG emissions associated with electricity generation from coal-fired power plants. EISA requires EPA to consider the "direct and significant indirect emissions" of biofuels in determining eligibility for the program. Given the potential crowding out of the use of biomass in place of coal to generate electricity, EPA's evaluation should include any potential increase in GHG emissions in the electric utility sector associated with the shift of biomass into the production of cellulosic ethanol. 44 More importantly, the analysis in this paper suggests that the cost-effectiveness of the EISA mandate as an energy security measure varies substantially with world oil prices (and/or changes in the price spread between gasoline and the production cost of cellulosic ethanol) and with different values for the cost of carbon. Similarly, the cost-effectiveness of the EISA mandate-including the opportunity cost of diverting biomass away from the generation of electricity-varies substantially with the cost of carbon control in the electric utility sector. As a result, energy security benefits are likely a smaller factor in determining the benefits and costs of the EISA mandate for cellulosic ethanol as compared to other factors except in the case when the world price of oil is relatively high and the social cost of carbon is relatively low.
For the illustrative set of scenarios presented here, the EISA cellulosic ethanol mandate would not be cost-effective at world oil prices less than roughly $80 per barrel. At world oil prices greater than $100 per barrel, the mandate would be irrelevant because market forces would yield cellulosic ethanol production levels that exceed the EISA mandate levels. In general, the EISA mandate will be cost-effective if (1) there is a supply of biomass that is sufficient to meet the low-cost fuel supply requirements of both the electric utility sector and the EISA mandate for cellulosic ethanol or if (2) the world oil price is greater than $100 per barrel and the production costs for cellulosic ethanol are less than $2 per gallon. The EISA mandate will not be cost-effective if (1) biomass supply is limited so that EISA crowds out the use of biomass by the electric utility sector and if (2) world oil prices are less than $80 per barrel (at cellulosic ethanol prices of $2 per gallon). One way of accomplishing a level playing field is to incorporate energy security fees for petroleum products and CO 2 emission fees across fuels and energy production activities. Once these fees are set, the market can determine the best mix of fuels and technologies to obtain the nation's expected energy security and GHG reduction goals. Artificial constraints on the market economy-such as mandated volumes for biofuels-can interfere with its ability to determine the most cost-effective means to achieve energy security and GHG reductions. Those constraints can impose costs on the economy in addition to the already large costs anticipated from an optimal set of climate and energy policies. Table C .1 illustrates the C-E estimates of including the opportunity cost of "crowding out" the use of biomass to replace coal in the generation of electricity. An example calculation of the cost-effectiveness for energy security benefits at a world Table C .2 illustrates the C-E of energy security at various world oil prices assuming an opportunity cost of withdrawing biomass from the electricity generation sector. 
Appendix C. Example Calculations
Calculation of the C-E of Energy Security
